Vanadate down-regulates cell surface insulin and growth hormone receptors and inhibits insulin receptor degradation in cultured human lymphocytes.
Insulin is able to down-regulate its specific cell surface receptor in cultured human lymphocytes. The effect of vanadate, a known insulinomimetic agent, was examined to determine whether it could mimic insulin to down-regulate the insulin receptor. Exposure of cultured human lymphocytes (IM-9) to vanadate (0-200 microM) resulted in a time- and dose-dependent decrease in cell surface insulin receptors to 60% of control, while insulin (100 nM) down-regulated to 40%. The vanadate effect, in contrast to the rapid effect of insulin, was slow to develop (4-6 h). Surface receptor recovery after 18 h exposure was rapid after vanadate removal (20 min), but it required hours after insulin suggesting the presence of an intracellular (cryptic) pool of receptors after vanadate treatment. Insulin binding to Triton X-100-solubilized whole cells after 18 h treatment revealed that total cell receptors had decreased to 50% of control after insulin but increased to 120 and 189% of control after 100 and 200 microM vanadate, respectively. Furthermore, vanadate inhibited the insulin-mediated loss of total cell receptors from 50 to 28%. Removal of cell surface receptors by trypsin before cell solubilization revealed that 100 microM vanadate increased insulin binding to 321% of control indicating an accumulation of intracellular receptors. Labeling of cell surface proteins with Na125I and lactoperoxidase followed by immunoprecipitation of solubilized receptors with anti-receptor antibody after incubation for various times up to 20 h and quantitation by sodium dodecyl sulfate-polyacrylamide gel electrophoresis revealed that, while insulin shortened t1/2 from 7.3 to 5.3 h, vanadate prolonged receptor t1/2 to 14 h. No effect of vanadate was detected on insulin receptor tyrosine kinase activity with up to 4 h incubation at the vanadate concentrations used in this study. Furthermore, human growth hormone surface receptors were similarly down-regulated by vanadate. We conclude that 1) vanadate has an apparent insulin-like effect to down-regulate cell surface insulin receptors in cultured human lymphocytes; 2) in contrast to insulin-induced down-regulation which is associated with receptor degradation vanadate causes an accumulation of intracellular (cryptic) receptors and inhibits insulin receptor degradation; and 3) these effects of vanadate may be exerted on other cell surface receptors.